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Table S1. Blank reactions performed in order to attest of the carbon source

Entry Samples CH, pressure Products(umol)
(bar) CH;00H CH30H HCHO HCOOH CO,
1 PVP 0 0 0 0 0 -
2 PVP 30 0 0 0 0 -
3 Pd@Pt-PVP 0 0 0 0 0 -
4 Pd@Pt-PVP 30 4.4 23 0.3 0 0.3

Reaction conditions: 400 umol H,0,, 50 °C for 0.5 h, 800 rpm


mailto:Pd@pt-pvp
mailto:Pd@pt-pvp

100
80 |
\
= 60 \
[
=
]
o 40_/
204
e (|
¥ 0 B B
5.0 " .‘ 123 4567 8 9101112131415161718192021
: nm % ' Size (nm)
W

Figure S1. TEM images and size distribution of Pd@Pt NPs (mean size= 3.4 + 2.2nm).




%mass %atoms
1 Pt: 50 35
B Pd: 50 65

%mass %atoms
Pt: 54 39
Pd: 46 61

Figure S2: A. and C. STEM-EDX elemental analysis of aggregates of NPs with the corresponding
elemental Pd and Pt compositions, and B. STEM-EDX line analysis of the aggregate presented in A.,
with the Pd (blue) and Pt (red) distribution along the line.
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Figure S3: STEM-EDX elemental analysis of different type of particles, with the elemental Pd and Pt
composition.



Figure S4. TEM images of Pt, Pd and PtPd(molar ratio=1:1) colloid nanoparticles. The mean sizes of
the particles are 2.1+1.3, 2.1+1.5 and 2.7+1.2 nm, respectively.

The core-shell PA@Pt structure presents larger size (smaller specific surface area) than those of Pt,
Pd and PdPt particles, while the productivity and primary oxygenate selectivity are larger. Thus,

Pd@Pt should have better methane oxidation activity.

To quantify the inherent activity, turnover frequency (TOF) was further calculated by the following
equation. The amount of surface metal elements is calculated from the average particle sizes

observed by TEM (Figure S1). The results are listed in Table S2.

Noxygenate

TOF =

nsurf ace metal t

Table S2. Total oxygenate productivity and turnover frequency of Pd, Pt, Pd@Pt and PdPt nano

colloid samples

Total oxygenate productivity (MOloygenate MOlmeta™)  TOF (MOloyygenate MOlsyrf metar h7)

Pt 15 5.7
Pd 4.5 17.0
Pd@Pt 7 34.0
PdPt 5.1 19.4




Table S3. Liquid-phase methane oxidation performance of other reported heterogeneous catalysts

Temp. (C) Oxidants Methanol Sel. Primary oxygenate prod. ~ Source
Pd@Pt 50 H,0, 92.4% 89.3 mol kgpg@pt* ht This work
colloids
AuPd/ZSM-5-R 70 0, 92% 91.6 mol kgaupgt h? 1
Au-Pd colloids 60 H,0, 58% 43.4 mol kgapgt 't 2
0.13AuPd/TiO, 50 H,0, 90.7% 0.614 mol kgt ht 3
0.3Rh/zr02 70 H,0, 74% 12.4 mol kggy't ht 4
0.037 mol kgt h?t
0.6Rh/Ti02 150 COand  100% 76.7 mol kgt ht 5
0,
SAsRh-Ce02 50 H,0, 93.9% 3.7 mol kgert ht 6
NWs (0.13
wt%)
Cr./TiO, 50 H,0, 48% 2.09 mol kgt ht 7
Fe-MFI zeolite 50 H,0, 85% 9.50 mol kg1 ht 8
Pd,Cu;-,0/C 50 H,0, 93.9% 4.08 mol kge,t ht 9
FeN,/GN 25 H,0, 41% 3.44 mol kgge ! h! 10

0.093 mol kgt h?t




Distance 19.80 nm

Figure S5: A. STEM-HREM dark field image of Pd@Pt NPs with the Fourier transform of the square
red area in the inset and B. STEM-EDX line analysis of the same nanoparticles with the Pd (blue) and

Pt (red) distribution along the line.
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Figure S6. Comparison of WAXS patterns of the Pd@Pt colloid catalyst and pure Pd or pure Pt fcc

structures
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Figure S7. XPS spectra of Pd@Pt NPs showing Pt 4f and Pd 3d peaks.

The amount of surface Pt° and Pd® over Pd@Pt-PVP is 55% and 38%, respectively.
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Figure S8. Picturesof the reaction mixture after CH, oxidation at 400 and 4000 u mol H,0,.
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Table S4. H,0, consumption and gain factors of Pd, Pt, PtPd and Pd@Pt colloidal catalysts

Catalyst Consumed H202 after 30 min reaction Gain factorle!
Pd 100% 0.011

PtPd 96% 0.013
Pd@Pt 82% 0.021

Pt 50% 0.0075

[a] Gain factor refers to the molar ratio between oxygenates produced and actual hydrogen peroxide
consumed

Table S5. Scalability tests of the Pd@Pt colloid catalysts.

Total volume Primary oxygenate produced (mol molmeta™?) Productivity (mol mol e h?)
CH30H CH;O0H

2.4 ml 1.2 4.0 10.5

9.6 ml 1.7 1.8 7.1

The same reactor and same batch of catalysts were used. The total volume of the reactor is 30 ml.

Table S6. Remaining of H,0, with varied reaction times using Pd@Pt colloidal catalyst

Reaction time 10 min 30 min 80 min

H,0, remaining 36% 18% 10%
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Table S7. Comparison of the catalytic performance obtained with Fe-based Fenton’s type catalyst and
Pd@Pt colloids nanocatalyst

Entry  Catalyst Product amount (umol) Primary
Oxygenated
CH300H CH3;OH HCHO HCOOH co
3 3 2 selectivity (%)
1 Fe-Fentonl? 1.2 0.1 0.15 0 0.17 77
2 Pd@Pt 2.3 4.4 0.3 0 0.18 92

[a] The Fe-Fenton system is prepared using Fe(NOs); - 9H,0 solution with the same amount of metal

species as that for entry 2.
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